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Tins chief special features of this trtatige on the 
grouping of cells, gire as follows :— 

(1) A demonstration that the rule hitherto taught 
as a perfectly accurate one for grouping cells so as to 
get the greatest possible current with a given ex¬ 
ternal resistance, cannot even he relied upon to give 
the best regular group (Chap. II.). An example is 
mentioned in which a regular group that is not in 
accordance with this rule, gives 400 times the current 
obtainable wiih the one tnat is. 

(2) A demonstration that the 'current obtainable, 
with the best regular group may be less than tliat 
given by'somc irregular grtup (Chap. III.). Irregular 
groups have hitherto been ignored, presumably 
living been regarded as s$lf-evidently bad. 



vi / •l'RHF.fei;. 

(3) >A really accurate rule for gttmping cells so 
as to get the greatest possible current (Chap. III.). 

(4) A rule for finding the smallest number of 
cells that will send a given current through a givei! 
extern&l resistance (£hap. V.). 

It is assumed that the reader is already acquainted 
with the elements of electricity and of algebrti. 


W. F. D. 
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Page 38, line 5, insert + between 2X and 1 
Page 40, Exercise 18, for -10(2)-1(?)- read 

-1(10H(H )- 

Page 49, Exercise 23, for 88 read 87, and 
for 3-ohms read 8 ohms 


Dunton’s “Grouping of Electric Cells ” 


Ultiy ill i il;. j, v> uui t; cno iiih;i|iuh jnuanui lines 

represent tin; plates of the cell, the space between 
# them representing the in(*>iuin (usually! a # lnpiid) 
through which the current passes frwm the plate, 
represented by the shorter and thicker line, to that 
represented by the longer and thinner line. The 
horizontal lines represent the conductors by nvhich 
the cell is connected to other cells or to the external 
$cuit. 
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GROUPING .OF Kl’EOTUIC CKL1.S 


PART I.—The Grouping of Similar Cells for 
Greatest CurrenJ 

CHAPTER 1 

I NTKODUOTOltY. 

By similar cells 1 mean cells Inning the same electro¬ 
motive force and the same resistance : except where 
otherwise stated, all groups are supposed to consist 
of such cells. 

It is customary to represent a cell diagrammatic 
cally as in Fig. 1, where the unequal parallel lines 
represent thq plates of the cell, the space between 
j,hem representing the medium (usuallyt a .liquid) 
through which tho current pas&s from the plati^ 
represented by the shorter and thicker line, to rfiat 
represented by the longer and thinner line. The 
horizontal lines repres*nt the conductors by ^jjiich 
the cell is connected to other cells or to the external 
fprcuit. 
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THE GROUPIN'} OF JMKTK1C CELLS. 


Figj2 shows three cells connected iy series ; that is 
to Say, with the positive plate of one connected to 
the negative plate of another, and so on throughout. 
As is well known, the electromotive force of such a 
group is the sum of the electromotive forces of the 

‘-•hr • H hH" 

i'll). 1. Fia 2. 

« 

cells composing i # t; so that if the electromotive force 
of each cell in Fig? 2 is 2 volts, that of the group is 
G volts. As the current passes through the three 
cells in succession, it is clear that the resistance, like 
the electromotive force, must he three times that of 
a single cell; and similarly with other series groups. 



Fig. 3 shows three cells connected m pat allel; that 
is to say, with the positive plates of all Jthe cells 
collected to one another, arHl their negative plates 
likewise connected to one another. This arrangement 
gives the current jthree paths, each equal in co%- 
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ductivity to that. offered l>y a single coll, wit| the 
oonsc<nience that the resistance of the group is oftc- 
third that of a single cell, Jts electromotive force, 
however, is the saiSe as that of a single cell: in fact? 
£hc group behaves in every way as if it were one cell 
with plates three times as wide as those oft he cells 
of which it is composed; and similarly wit# other 
parallel groups. 

Fig. 4 shows two groups like tlurf in Fig. 3, con¬ 
nected together in scries. This fornis a gponp which 
might conveniently be described as “two ranks of 
three,’’ or more briefly “two threes,” and represented 
by the symbol -2(3)-, which might be called the 
malhenuitiml nymlml of the group. We will in future 
represent all groups by their mathematical symbols, 
the number inside the brackets showing how many 
cells are connected in parallel to form a rank,'and the 
number outside showing how many of these ranks are 
connected in series, while the horizontal lines show 
that the whole refers to a group of cells. Fig. 2 would 
thus be represented by -3(1 J-, and Fig. 3 1^ -4(3)- ; 
while —9(5)—2(4)— would represent a group of nine: 
fives connected in series with a group of two four?— 
a type of irregular group ^vhosc importance will be 
seen later on. 

From what has already been said, the reader will 
easily see the reason of theafollowiutr elementary rules. 
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Rl'l.E 1.—To find the electromotive force of a group, 
v multiply the electromotive force of a single cell 
by the number of ( ranks. 

* For example; to find the electromotive force of 
-12(5)-2(4)- when that of a single cell is 1-5 volt*, 
add together the numbers outside the brackets, and 
multiply the result fly 1 ’ft. 

ltl’LE 2 .—-To find the resistance of a regular group, 
divide the resistance of a single cell by file num¬ 
ber of cells’ it: a rank (thus getting the resistance 
of a rank) and multiply the result by the number 
of ranks • or, when the group is represented by 
its mathematical symbol, take the number out¬ 
side the brackets as the numerator of a fraction, 
and the number inside as the denominator, and 
multiply by the resistance of a single cell. 

For example ; to find the resistance of -7(2)- when 
that of a single cell is 4 ohms, multiply ■?, by 4. The 
resistance of an irregular group like those mentioned 
aboves i^ of course ftWnd by adding together thf 
separate resistances of the regular groups of which it 
is Composed. Thus, when the resistance of a single 
cell is 3 ohms, that of -4(5)-l(4)- is 3(f + ^) ohms. 

Showing the electromotiv#force and the resistance 
of a group, the current it will send through a given 
external resistance,can be found by Ohm’s law, 
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Curwnt - Electromotive force 
Resistance 


The denominator of this fraction will of course he 
the IdIiiI resistance-* that is to say, the resistance of, 
the group plus that of the external circuit. 

Exercise 1.—What, current will he sent through 
ail external resistance of 111 ol^nis by -9(3)»4(2)-, 
each cell having an electromotive force yf 2 volts and 
a resistance of ohms 7 

Here ihe electromotive force of the group is 20 
volts, and its resistance, 3( ! j + lot olnns. The 
current is therefore— 

20 

10i + 10 


or about 0-970 ampere. 

Exercise 2.—What, current will lie sent-through an 
external resistance of 22 ohms hy I 1-volt ant 2-ohm 
cells all in series ? Answer, about 0-133 ampere. 

Exercise 3. —What current will -8(2)- send 
through an external resistance of 16 ohms, with 
g-volt aiid 4-ohm cells 7 Answer, J ampcr(| , 

Exercise 4. —"What is the external resistance. 


when 5 1-volt und*I-ohm cells, all m parallel, give a 
current i)f 2 amperes 1 Answer, 0-3 ohm (for, by 
Ohm’s law, 


Resistance = 


Electromotive force 
Current 
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and the resistance of the external circuit is obtained 
by deducting the resistance of the group from the 
total resistance as found by this equation). 

Exekcjse 5.—What? is the resistance of each cell 
when a current of 2 amperes is sent through an 
external resistance of b ohms by -9(d)-, the electro¬ 
motive force of each cell being 2 volts. Answer, 
2 ohms (for, proceeding as in exercise 4, we find the 
resistance of the group, which we know is $ the 
resistance of each cell). » 

ExEKCltfi G.--}Vlujt current will be sent through 
an external resistance oi (i ohms by -] (2)-l(l)-, with 
lj-volt and 4-ohm cells t Answer, j ampere. 

SYMBOLS. 

In addition to the mathematical group symbols 
already explained, the following will frequently he 
employed, and arc here explained once for all. 

C, the number f>f eelle. 

Hr. the electromotive force of each cell. 

I •• 

R, the tota^resistance. 

Rc, the resistance of each c»U- 

R;r, the resistance of the external circuit. 

K, the number of Milks. 

fa, the number of ranks in the ideal regular 
group (see Chap. II.). 
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CHAPTER II. 

* 

Pit lULAll (1 Hours, 


'fllREE cells can only lie arranged in two different 
regular groups, namely -1 and \V<- can¬ 

not, unfortunately, arrange them in -£(6J-, so as to get 
half the electromotive force ami th the resistance 
of a single cell, no! in - I - ({}-, so as*to get IS times 
the electromotive force and 4K .times* the resistance. 
If such groups were possible, the rule for finding the 
best group would he a very simple one, as will 
presently be seen. (By the W group I mean the 
arrangement of the given cells that will cause them 
to send the greatest current through the given resist¬ 
ance, without regard to economy, which wilhnot he 
considered till we get to Chap. IV.) 

(Referring to the table of symbols at the end of 
Chap. I., it will he seen that, in%ny regular group, the 


number «f cells 


each rant* must he T .. ^ We will 

• IV 


for the present assume that K and j> can be fac¬ 


tional. 


The resistance of tAch rank beine— 


C lie, K 



1C 'the GRCftjTING OF ELECTRIC CELLS. 


, t , * , Rc.K 2 , 

the instance ot any regular group if • 1 

and the current— 


‘ Ec.K 


JkK 7 


. II 


G 


, +R.r 


c 


Multiplying and dividing formula II. by ^ uv get 

the equivalent. expression— 

Er.C . 

, . 

- Rr. Iv + 

which, again, is equivalent to— 


Er.C 


yKc.K - v j + 2 v'lR-R-'.c 


. II« 


From tJiis formula it will be seen that if we start 

from the point where v /iir.K — = 0, and 

make a number of successive increases of any amount 
whatever in the valup, of K, each ihcrease makes 

^/3BcTK greater and smaller, thus increas¬ 

ing the denominator of the fraction and reducing the 
current. And if, starting from the same point, we 
maae a number of successive reductions in the value 
of K, each reduction makes ,/Rc.K smaller and 
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greater, 


imi hk; 


square of tlie resisting 


negative value of | nj\ir. K — ^ ^7* | is of course 

positive; so that the reductions, like the increases, 
ifi the value of K, will increase the denominator of 
the fraction and reduce: the current. Now, the point 
from which any increase or any reduction m the 
value of K causes a reduction in the current,• must he 
the point where the value of K i» such tljat the 
current has its greatest possiblcyclic'; therefore, the 
regular group that gites the'^atest possible current, 
which we will call the ulnll injuliii' yn»iji , is the one in 


which Ke.K = ^ V ';S 
K 


or in which 


Kc.K- 

C 


lir; that 


is to say, the one whose resistance is equal to the 
resistance of the external circuit. 

Taking Ki to represent the number of ranks in the 
ideal regular group, we have— 


^•om which we get— 


•,!v s 

C 


Re 


j: C. Kart 

\ 1 lb 1 


III 

IV # 


Previous writers have taught that the best avail¬ 
able regular group i% tRe one whose resistance 
approximates most closely to that of the external 
yfeuit, or, in other words, to that of the ideal regular 


u 
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group. This is plausible ; but, as the following ex¬ 
amples evil! show, it is not. true. 

Suppose we have 62 1-volt and 4-ohm cells, and an 
external resistance of 31 ohms.. The resistance of 
-2(31)- would lie ohm, and that of -31(2)- would 
be 62 ohms; that is to say, the resistance of the 
group with 2 ranks would be between 30 and 31 
ohms less than the external resistance, while that of 
the group with 31 ranks would be exactly 31 ohms 
more than the external resistance. Therefore, as 62 
cells cannot be arranged in a regular group with any 
intermediate number ot ranks, the usual rule would 
tell us to adopt the group -2(31)-, which would give 
a current of— 


or about 0'064 ampere. But with -31(2)-we should 
get a current more than five times as groat, namely— 
31 


or exactly \ ampere. 

* Again, with 1201 1-volt and 1-ohm cells, and an 
external resistance of 600 ohms, the usual rule would 
tell us to put the cells all in parallel; for 1 201 is a 
prifc>e number, so that the only possible regular 
groups are -1(1201)- and -1201(1)-; and the resist- 
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aiice of the former gftmp evidently differs from the 
external resistance lay less than <>00 ohms, whifc Uiat 
of the latter group differs by more than COO ohms. 
But with all the e|jls in paraflel the current is only- 


1 

V201 


J_ 

+ coo 


or about ampere, while witn an in series it is 
almost exactly J^OO times as great, namely—' 

1901 

1901 + G^IO 

or about if ampere. “S' 

The rule that will presently be given in place of 
this very unsatisfactory one, depends upon the 
hitherto unrecognised fact that if A, 15, 0, are any 
three numbers forming a geometrical progression, 
and if B is the number of ranks in the idei^ regular 
group, then the regular groups in which the numbers 
of ranks are respectively A and C, will give exactly 
the same current as eacl! othe*. For example: if we 
have 8 1-volt and 1-ohm eeljfj, and an external resist¬ 
ance of 2 ohms, -2(4)-, -4(2)-, and —8(1)—*’answer 
these conditions, for the resistance of the middle 
group is equal to that of the external circuit, and the 
ranks, 2, 4, 8, form a ggonfbtrical progression, there¬ 
fore, according to the law just stated, -2(4)- sfSmld 
give the same current»« -8111- • and it will ho found 
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that- this is so, the current being in either case exactly 
O'SaViipere. The following is a mathematical proof 
that the law holds good in every case. 

, Let Kf represent, as before, tie number of ranks 
in the ideal regular group ; then, whatever number 

X represents, k', K i, N.Ki, wi! 1 form a geometrical 
progression. ,With the group in which the number 
of ranks is , the current will be (by formula II.)— 


Kr / lx; V 
0 V X ' 


■,K« 

X 

T" 


(«') 


+ Rr 


and with that in which the number of ranks is N .Kf, 
the current will be— 


Kf.X.K) 

‘‘ Kc (N.Ki)- + Rf 

1 These fractions can easily be brought to the same 
numerator, Ef, in which case the denominators will 
bo respectively— 

a ( Ikli H/.N 

' C.N K, ' ' 


(&) 


(t) 


and— 


Re. X . Kf L Rr 
C~ T + X-K, 


W 


It therefore only remains to prove that (c) = (<(), 
which can be done by assuming that this equations 
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true and showing that it is rcducihlo to one that has 
already been proved. For (c) -- (<l) if 

liV.lvr T v v _ fy-K/ 2 .N K/ 
c.N + » ~ r + \ 


•which is true if - 
Ur.Kr 

c.n 


IJr.Kc.N Itr ,, 

C =N- U 


which, again, is true if— 

• R, '- k 'V - N)= Kj (** - N). 

/ - 

and this is evidently true il £he resistance of the ideal 
regular gnui]i is eijiial to that of the external circuit, 
which has already hern proved. 

When A, B, C, form a geometrical progression, wc 
may sav that A and (1 are gromflriailly eqiudviaut 
from B, and that any nuniher Between A #nd B is 
1 /fimtrtrimllf neater to B than C is. We have just 
seen that if two regular groups have their numbers 
of ranks geometrically 'ecpiidfctant from that of the 
J<ie:U regular group, they will give the sai^c current; 
and we had previously seen ttait, of two regular 
groups each having a greater or each having a smaller 
resistance than the external circuit, the one whose 
resistance differs leastrfrom that of the external cir¬ 
cuit gives the greater current. We thus get*’ the 
,!bllowing rule 



22 


THE GROpiTNfi OF FKWTRfC CELLS. . 


Rule 3. —Of the different, regular groups that can 
• 1ft formed with a given number of cells, the one 
that gives the greatest current is that in which 
, the number of ranks is geom< trieally nearest to 
the number m the ideal regular group. 

Let apply Uiis f rule to the cases in which we 
have seen the eld rule fail so badly. 

With fid 1-volt and 4-olim cells, and an external 

resistance of 31. ohms, Ki = ^ /j. As 
usual, there is no need'Ll calculate this sipiare root, 
for it is evidently the geometrical mean between 

4 

and 31, and is therefore geometrically nearer to 31 
than to 2. Rule 3 thus tells us to adopt the group 
-31(2)-,/iy which wo get more than five tirpos the 
current obtainable with the old rule. 

With 1201 1-volt and 1-ohm cells, and an external 
resistance of GOO ohms,<Ki = \/ (1201 x 600). Here 
again it isj unnecessary to calculate the square root, 
which is evidently the geometrical mean between 1201 
and^OO, and therefore geometrically nearer to 1201 
than to 1. Our new rule thus tells us to put the 
cells all in series, by whichVe ( get almost exactly 400 
times the current obtained with the old rule. 

Exercise 7,—What regular group of 12 3-ohrtl ( 
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cells will send ^ie gresftest current through an exter¬ 
nal resistance of 4 ohms 7 Answer, -4(3)-. 

Exercise 8 . —What regular group of 20 2-ohm 
cells will send the greatest current through an exter 
nal resistance of 3 ohms 7 Answer, -. r )( I)-. 

* Exercise 9. -What tegular group of 2! I-ohm 

cells will send the greatest, current through an exter¬ 
nal resistance of 1 ohm 7 Answer, -3(1;)-. 

Exkkci.se 10. -What, regular group ofV> 2-ohm 
cells wiU send the’greatest current fltrotlgh all exter¬ 
nal resistance of A ohm 7 AnH«itrp-5(3)-.’ 
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CHAPTER III 

* 

f)w 

Irregular Groups, and General Rule. 


It seems tp have been generally regarded as self- 
evident that an irregular group (that is to say, a 
group in which all the ranks are not equal) must he 
inferior to the host regular group. As a matter of 
fact, however, it frequently happens that Yhe best 
group is an irreguiai<,jne,. For example, if we have 
38 1-volt and 1-ohm cells, and an external re¬ 
sistance of 1 ohm, the best regular group will be 
-2(19)--, giving a current of— 
o 



or about 1 '81 ampere; but with the irregular group, 
—2(7)—4(G)—, the current would be— 
q f>' 

' 1 , 7 + 3 +1 

' or about 3 • 07 amperes. > 

The fact that we have to consider irregular groups, 
will 9 f course add to the* complexity of our general 
rultf; but not so much as might at first be imagined, 
or, as I will now prove, the greatest current cfcn 
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never In 1 obtained ft on* a m >up itt which any rank 
differs from another hy more than one cell. 

In any group having one rank of X nolle and one of 
X + X , with or wtf honf other tanka, the resistance, 
of these two ranks is 


KV( 


I 


X + .\ + 


vi 


or 1 1 . 


t(X + V) + Xi 

, x < x + v > l’ 

and if we take Z cells front the larger tank and 
them to the smaller, the restsfaner heroines— 


adil 


• i. i (X -f- X — Z) -f- (X -f-*Z) | 

I (X + Z) (X +^/) I’ 

which simplifies to— 'V 

., f (X + \) + X ) 

|X(X + Y) + Z(Y 

This only differs from the preceding fraction in having 

its denominator increased hy Z(Y - Z); so that its 

value mjLst he smaller in all eases where Y i^greater 

than Z. It is thus clear that the resistance of any 

group becomes smaller and smaller, as its ranks are 

made more and more efpial ; Mid this reduction of 

resistance, being unaccompanied hy a reduction of 
* • • # 

electromotive force, resuits in an increase of current. 

Therefore, with unfixed number of ranks and a fixed 
number of ceils, the best imaginable group is the 
regular one ; and if the,regular group is not possible 
the best group is that in which no rank differs from 
jftother by moril than one cell. The “ ideal regular 
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group” is thus the “ideal group” by ydiich name we 
wid fii future refer to it; and an irregular group of 
the type just described, we will call a .special group. 

In the case of regular groups, icc have seen that as 

the number of ranks differs more and more from Ki 

«■ 

(the number of cells ronmining constant), the current 
becomes smaller and smaller. Special groups, how¬ 
ever, do not follow this law. it frequently happens 
that a special group in which the number of ranks is 
exactly,or nearly equal to K i, is ihiproved liy being 
lengthened or slior*™>ed (that is to say, by having the 
number of its ranks ^creased or reduced). If, for 
example, we have 33 1-volt and 1-ohm cells 
and an external resistance of 12 ohms, K? = A /(39G). 
This is evidently a little less than 20. Multiplying 
19 by 20, we sec that the geometrical mean between 
these tv*o numbers is (380); from which it^ is clear 
that (396) is geometrically nearer to 20 than to 19. 
With the group of 20 ranks, namely —13(2)—7(1), 
the current is— • 20* 

, | 6-5 + 7 + 12 

or about 0-,784 impere;, but if we shorten this 
grqup by three ranks, making it <-16(2)—1(1)—, the 
current becomes— 

8 + 1 +*12 

or aDoui 0-810 ampere. Thus, though the imaginary 
regular group of twenty pinks gives more current 
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than the imagimyy re^uuw gumpof seventeen ranks, 
the special group of twenty ranks gives considerably 
less current than the special groppof seventeen ranks. 
This is because the social group of seventeen ranks is 
much more regular than that-of twenty ranks. In the 
imaginary regular group^of seventeen ranks, each rank 
contains ^ of a cell, and in ihe corresponding 
special group, sixteen ranks dill'er from tin# in the 

ratio of and sevfen in the ratio of *\ *: Imtin the 

X3 .33 . 

imaginary regular group of twr^fy’Tanks, each rank 
33 

contains ^ of a cell; and in the corres|)Oiiding 

special group, thirteen ranks differ from this in the 

ratio of and seven in the ratio of In most 

3.1 33 

cases tilery is a limit beyond which the lengthening 
or shortening cannot be carried with advantage, not¬ 
withstanding the greater regularity that may thus be 
obtained; and in some * eases* no lengthening or 
shortening is possible without«a reduction of ^current. 
But, as I will now prove, there is aif important class 
of groups in which lengthening or shortening may 
always be carried to a certain definite extent with 
advantage, or at least without disadvantage. 

Suppose we have a special group that can ue 
lengthened by haVing X ranks of X -f* 1 changed 
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into X -f- I ranks of X, or shortened r l>y having X -f 1 
rtuiTvs of X changed into X ranks of X + !■ In 
either case the difference in the number of ranks is 1, 
* and the difference in the resistance is— 

Rr(X-fl) Rr . X lie (2X 1) 

X -(.X + lj;"' .X(X + 1) : 

tlie, ratio of the difference in the number of ranks to 

# 

the difference in the resistance, being therefore— 
X(X-fl) 

Rr (2X -f I)‘ 

Calling this the the truth of the following pro¬ 
positions will easily l^Hseen • (1) if the ratio is greater 

than ^ with the original group, the lengthening will 
increase the value of (and will consequently in- 

crease* the current, since this is e<|ual to^ x Ec), 

and the shortening will reduce it; (2) if the ratio is 
K 

less than with th# original group, the lengthening 

will % re(Juce the currAit, and the shortening H'ill 

* K 

increase it ; (3) if the ratio is qjjiial to ^ with the 

original group, neither the lengthening nor the short¬ 
ening. will produce any change in the current; (4) 
where the lengthening or shortening produces a 
change in the current, a farther lengthening or slKjjt- 
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cning ill the sayiS maiTner will produce a further 
change ut the .same direction ; and where the length 
ening or shortening leaves the current unchanged, a 
further lengthening shm telling in the same manner 
will also leave the current unchanged ; and so on, 
until no further lengthening or shortening is possible 
without the introduction of a different size of rank 

It follows that the host of the groups that do not 
contain a smaller rank than X or a larger railk than 
X 4- 1, is either that with the gitiatest possible 
number of ranks of X, or tin it . na t.ft the'greatest 
possible number of ranks of X f- 1. 

It also follows that tile same current can sometimes 
be obtained from a great number of different arrange¬ 
ments -of the same cells. As an instance of this, 
suppose we have 100 2-volt and 1-ohm cells, and an 
external jesistance of 50 ohms. When the cij|1s are 

arranged all in series, the value of ^ is evidently 


100 2 
150 or ;j , which 


is also the 


value of X( X 4 1 > 


lie (2X + 1) 

when X = 1. If, therefore, we turn any numfier of 
ranks of 1 into half the number of ranks of 2, we 


shall leave the value of j, unchanged; so that the 

• . • 

same current will he obtained whether the cetls 
are* grouped in iOO ones, in 50 twos, or in any 
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I 

of the forty-nine possible groups of ones and twos 
ijombinod. For example : with -24(2)-52(l)- we gel 

152 

a current of ^ ,.,* 5 q or 1 \ ampere : and with 

192 

—1(2)—92(1)— we get a current of_j_ y.,— ~ () , which 

is also oipiiil to 1 ampere. '* 

< ' , 

The statement and discussion of the rule that will 
presently he given, will he simplified hy the use of 
the following technical terms. ' t 

Preliminary* .GROUP.—The regular or special 
group in which the nUmber of ranks is the geometri¬ 
cally nearest whole number to lu. 

Primary Group. —A regular or special group 
that, does not contain a larger or smaller rank than 
the preliminary group; the longest and shortest of 
these groups being called the long pnimury group and 
the short primtni / primp respectively, and the two 
together, the extreme primary groups. 

Secondary Gitoyp.—A regular or special group 
that is not a primary ^roup ; those longer than the 
long ^triW.ry group being called long secondary groups , 
and those shorter than the short primary group being 
called short secondary groups. 

1 ’rom what has alretfly Jieen proved in this and 
tfle preceding chapter, the reader will easily see that 
the following rule is infallible. 
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Bulk 4.—To fiijd the g%up that will give the great¬ 
est, current obtainable with a given numbcl' af 
cells and a given external resistance, proceed as 
follows 


(1) Find the best primary group. This is 
always the extreme primary group ,with which 

the value of is the greater, and is the one 

whose K is geometrically nearer to Ki, if the 
other is not more regular. If the other it more 

regular, the values of ii^ist be calculated and 

compared. In the rare cases where the value 

TV 

of , is the same in both of the extreme groups, 

• K 


all of the primaries will give the same current. 
If there is no secondary group more jugular 
than the best primary or geometrically nearer to 
the ideal (that is to say, having a K that is geo¬ 
metrically nearer to Ki tha»i the K of the best 
primary group is), the primary will be the group 
required. 

(2) If it is »ot evident from (1) that the be,si 
primary is the best group, see whether the value 

of , K is greater wit# some secondary group, jn 

which case the secondary that gives the greatest 
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• K . *' 

value of - is the group require*]. This part of 
» K ' , 

the rule will not involve much trouble if it is 
remembered that no groug can be better than 
another unless it is either more regular or geo¬ 
metrically nearer to the ideal. 


The following are examples of the application of 
this rule;— 

Suppose we have 20 2-ohm cells and an external re¬ 
sistance of 7 ohm#.-. Jp. = /(—w ^)= a/(10 X 7); 

^ V \ 2 


so that the preliminary group must consist of twos 
and threes, the extreme primaries being therefore 
-10(2)-, and —6(3)—1(2)—. But since 10 and o 7 are 
geometrically equidistant, from Ki, and since the 
group of 10 ranks is more regular than the group of 
7, the group of 10 must he the best primary. And 
as no secondary can be more regular than this 
primary or geometrically uiearcr to the ideal, the 
best primary is in this gase the best group. 

Sufpcke we h^ve 25 2-ohm cells and an* external 

! • //25 x 24 \ 

resistance of 24 ohms. Ki = , /(-—), which 


is the geometrical mean between 12 and 25. The 
piclmlinary group would therefore consist of ones 
and twos, the extreme primaries being —12(2)—1(J)—, 
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iiih1-25(1)-. Cut the gfsoiiifitrioid mean between 12 
and 23, is of course geometrically nearer to l.'i (wlifch 
gives an irregular group) tliay to 25 (whirl) gives a 
regular group); aid it is therefore necessary to. 

auk'ulato and compare the (aloes of with these two 

K 

•>r-j 

groups. With the long primary, t the value is , and 

<1 

with the short primary, or or w,> which 
•W 70’ , 71 + 2 

25 . 1 # 

must be greater than * , since is_obviontfly greater 
1 4 ' 


25 

than ^ (this example affords an illustration of how 

we may frequently find which is the greater of two 
complex fractions by an easy mental calculation). 
The best primary group, then, is -12(2)-1(1)-. If 
there is # a secondary group superior to this, at must 
be geometrically nearer to the ideal than the primary 
-25(1)-, for it cannot be more regular. But, as we 
have seen, K? is geometrical 1\* equidistant, from 25 
and 12 ; so that it is impossible for any secondary 
group to be geometrically nearer tefthe ideat tftan the 
regular primary is. The best primary is therefore 
the group we require. 

Suppose we have 50 ^5-Shin cells and an external 
resistance of O’6 ohm. Ki = ^/j’^ 01 
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aJ (5 x 4). The possible regular group of five ranks 
will thus give exactly the same current as the 
imaginary regular group of four ranks , and as it is 
impossible to have a more reguh^’ group, or one that 
is geometrically nearer to the ideal, -5(10)- is the 
group we require. 

Suppose we have 9 2-ohm cells and an external 


resistance of 1 • 1 ohm. 


■' vf 


9_X ]■]) 


very nearly */. r >. It is thus between 2 and 3, and 
geometrically ne.tKr.to 2 (since 2x3 = 6). The 
preliminary group is therefore —1 (5)—1 (4)—, which is 
at the same time the long and the short primary 
group, for ]t can be neither lengthened nor shortened 
without introducing a different size of rank. M any 
secondary group gives a greater current, it must be 
cither^ 1(9)-or -3(3)-. But 1 and 3 are geometri¬ 
cally equidistant from J 3, so that 3 must be geo¬ 
metrically nearer to Ki, which is very nearly A /5. 
The best secondary !s therefore -3(3)-, with which 
K 3 

the vivliK of , is ’ , or a little less-, than *1. 

R " 2 -f 1 • 1 

But with the only primary group, the value is 
2 

, or exactly 1. This primary is 
0-4 + 0-5 + 1-1 ’ 1 ' 1 

therefore the group we require. 

Suppose we have 8 1 • 5-ohm cdls and an exter- 
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ml Hisistam-c ftt 


ohms. K/ = 


X 2f 

V > 1 .'V 9 


| ^ j, width is cuilcrii l\* between A ' ( 1 (' ) amI 

V M , 

v£( 12), and therefore more tli.m .‘h lml <;eonietiically 
rearer to •> than to 1. . Tin* preliminary rjronp, tlien, 
s-2(3)-l(^-, which is at the siyne time the •short, 
niimiry group, the lon«* primary group hem^- 


With the shoit jm nmuy, the\alneot 


u. 


mil witli the Inn." primai.v, 



II 

i -k T+ a’ 

Mentally in 


ireasing tin- imnii'iatoi- ami the denominator of the 
(inner, fraction liy one-third of their \nlue. rve see 
hat the fi act mil is t-tjiuil to i, which is nlsn the 
value of the fiaetioti belonging to the other extreme 
irimary. The two primaries (there are only two in 
his case) will therefore give the same current; and 
he only secondary that cifiild gije a greater current 
ivoulil he one containing less/him I! ranks, but. geo 
metrically nearer to the ideal than the regular^iiYinar 
s. But. - and Ft a|t- geometrically equidistant fron 
V'(IO): so that 2 must, he geometrically further fron 
Kt than 4 is, and no s^ooithiry can give a gre.ate 
surrent than the primaries. 

JJjtERClNE 11.—*\Vhat is the liest. group of 1‘ 

’ <: 2 
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1 .•-5-r.h 111 cells fur an cxternaY resistance of ] ohm ? 

Answer, -2(5)-1(0)-. i 

Exercise 12.—Wljat is the host group of 12 
. 1 ■ 4-ohm cells for an external re-'istiuire of 7 ohms? 
Answer, -(>(2)-. 

Exercise 13.—What is the host group of 12 
l’S-ohm cells for ;yi external resistance of 2 ohms? 
Answer, -4(2) 

Exercise 14.—What, is the host group of 10 
1-ohin e-ells for an external resistance of 1'.3 ohm? 
Answer, -l(4)-2(3y,. 

Exercise IS. — WRat is the best- group of 21 
1 - 4-ohm cells for an external resistance of 4 ohms ? 
Answer, -7(3)-. 

Exercise 16.—What is the best group <of 25 
1-ohm cells for an external resistance of 10 ohms? 
Answtfr, —1(1)—42(2)—. 


Note —Where a^dcficicm-y of 1 or 2 per cent, 
is impiaterial, the best primary group, which can 
, usually be.found with very little trouble, may be 
regarded as the best group. 
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PART II.—The •Economical Grouping of. 
Similar Cells. 

('ll*1TKK I t V. 

Tmk Kiioktkst (iiioiu*.* 

Onk oi the examples in Chapter VII showed th.it 
100 2-volt and 1-ohm cells will 'send *i current 
of 1 \ ampere through an,external lesistance of 
50 ohms, when they are arranged in any number of 
ranks from fifty to one hundred. The beginner wdl 
natuMull) wish to know whether, in cases of this sort, 
there is any reason for adopting one group rather 
than another. There are, as a matter of fget, two 
reasons for preferring a shorter to a longer group: 

(1) because it has less resistance, and consequently 
causes less waste of jfbwer jn heating the cells ; 

(2) because, although the same current passes through 
the group, there is, on the average, lcJs ^current 
passing through gach cell (for two cells m series cacfT 
take the whole current, while two in parallel each 
take half, and so on), w^thftie consequence that, there 
is a less rapid wearing away of the materials of the 
£*lls. These reasons would <>f course apply with still 
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more force if the shorter group gave if smaller current, 
so*’long as this smaller current was sufficient ‘for the 
purpose. In any cace, then, the most economical 
r group is the shortest- that will gt>e Mifficient current; 
and the following example* will show how this group 
can generally he found without much difficulty 
Suppose we luoe 12 2-volt and l'o-ohm cells, 
and wish to send a current of not less than 0* f> ampere 
through an external resistance of 9 ohms. Let us first 
see whether it is possible to do this. 


>■ //12 x !K 

K,= *V( IT- ) 


or about Hi, (a rough approximation is all that is 
required for our present purpose) , so that the ideal 
group would give a current of about - 
8 1 x 2 

r 9 x 2 


or O'911 (since the total icsistance, with the ideal 
group, is twice that of the external circuit) Reducing 
this by one-third w'nild leave us just about the 
current we require, but 1 if we shorten the f/ioup l»y 
f omgthird, we not only reduce the electromotive force 
by one-third, hut likewise considerably reduce the 
resistance ; so that the current would still he con- 
sideiubly greater than we require. We therefore try 
shortening the group by about half, say to four ranks 
(we must of course shorten it in such a proportion*ifs 
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to leave a wh^le iiumuur m ranks, for we arc now 
trying to find a group that we can adopt). This gyves 


the group -4(3)-, and a current of } —or about 

*0-727 ampere. We could reduce this current by 
one-seventh, and still have more than the required 
0*6 ampere ; so we, tfy shortening the group by one 
fourth (one-fourth is much more than one-seventh, 
but we have only four ranks, and cannot reduce them 
by less than one) This gives the *ronn -3^1)-, and 
a current of— 

G 

1-135 +9’ 


or about 0*59 ampere. The previous group, -1(G)-, 
is therefore the shortest that will give the required 
current. 

Suppose we have 20 l-5-volt and 2-oiim cells, 
and wish to send a current of not less than .' s ampere 
through an external resistance of 14 ohms. Here— . 



or about 12; so that the ideal group‘would gtve#a 
18 

current of , or 0’G42 ampere. This is nearly twice 
28 » 

what we require, and we may therefore shorten the* 
# ^roup by considerably more than half. Let us try 
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four ranks, which gives thef group, -4(5)-, and a 
current of— 

(i 

l f -(i + J 4 

e- 

or about 0*585 ampere. This is one-sixth greater 

a 

than we require, and we accordingly try shortening 
the last groifp by one-iourth, ‘’which gives the group 
-2(7)-l(G)-, and a current of— 


or about 0*302 ampety*. The shortest, group that 
will give the required current is therefore -4(5)-. 

Exercise J7.- What is the shortest group of 12 
1-volt and 1-ohni cells that wjll send a current of 
not less than 0*9 ampere through an external resist¬ 
ance of 3 ohms ? Answer, -4(3)-. 

Exercise 18.—What is the shortest group of 21 
1-volt and 1 * 5-ohm cells that will send a current of not 
less than 1 ampere though An external resistance of 
1*7 ohm '( Answer, -10(2)~l(l)-. 

ExEl&’ifE 19.—JVhat is the shortest giAup of 
ft 2-Volt and 1 • 1-ohm cells that will «send a current of 
not less than 2 amperes through an external resistance 
of 1 ohm ? Answer, —2(35—. v 
1 Exercise 20.—What is the shortest group of 50 

1-volt and 2-ohm cells that will send? a current of n«t 

© 
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less than 0*5 ampere Uirougii an exmnmu iesistance 
of 23*3 ohms 1 Answer, — 10( 15)— 10( 2)—. 

KxehcisI! 21.—What is till* shortest group of 20 
1 ■ 5-volt and 2-ohm Jells that will send a eurrent of 
npt less than 1 ampere through an external resistance 
of 4*5 ohms ? Answei^-. r >(4)-. 

Exercise 2*2.—WlujJ. is the shortest 0 0 

1 "4-volt and 1-ohm cells that will send a eurrent of 
not less than 1 ampere through an external resistance 
of 3*T5 Vihms ? Answei, -2,{3)-2(2)-. 
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CHAPTER V. 

The Smallest *Gwut. 


Another important problem in economical grouping 
is to find the smallest group (that is to say, tlio 
group Avith .tho smallest number of cells) that will 
send a giurn current through a gixen external 
resistance. As the first step towards solving this, let 
us see how to fiiVti- the smallest group on the assump¬ 
tion that we can ha\^ a fraction of a cell in a rank, 
and a fraction of a rank in a group : this we will call 
the fhmriicallif small t s7 fj 

Taking A to represent the required Current 
(amperes), (7 the number of cells in the. theoretically 
small<Jst group, K/ the number of its ranks, Yt the 
number of its tiles (that is to say, the number within 
the brackets in the mathematical symbol of the 
group), and other symbols as in the table at the end 


of Chapter 1., avc have* 

A = 


K/.Er 

'2\lr 


(for the theoretically smallest group must be the ideal 
arrangement of its cells, otherwise the same current 
could be obtained from the ideal arrangement of a 
smaller number of cells). From this equation we gfit*— 
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t:s, 


A 


Hut WJ know,from formula I 'i. (('li.i ] it or ill ), th;i t 

• c/.i;.- 

K/-= ,, ; 


,ni-i <h\ id mg c.i side tins uiju.ituui i-v K7. wc hut 

* (- 7 » • 

K/ X hr . 

hi = ■ 


Kr 


Anil is, of course, the munlieroii 111nt.-C - * in the 
Kr r» 

group ; so that#-— ‘ 


1-7 - 


K/.Kr L’A.Ui 


i;.< 


I5r 


. VI 


It, shonlil lie notieeil that ^ is a factor in liot.li K/ 

iind 1-7: so that, if we first find tin 1 value,of tliis 
expression, we need only multiply it 1>^ If/ t,o get. hi, 
and 1 1 V le to get F/. 

As an easy example *of th<| application of these 
formula 1 , suppose vve waift to find the smallest 

number of *2-\oltand l'b-ohm celk that wfll*send a 

* * 

current of not Jess than 1 amperes through an 
external resistance of .‘i ohms. 

K, = 7 X 4 X 3 = ,a,. ; J vt m 7 X 4 X 1 T.. =i . 

r tvl e theoretically^smallest group is therefore a possible 
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one, namely -12(6)-, and the'smallest number of cells 
is 1 72. 


In practice, however wc should not often find K/ 
and Vi both whole nuinbei>, vul should, therefore, 
usually require more than C t cells. Suppose, fyr 
example, that the theoretically smallest group has 

1 5 

been found to be ’ (17)-. £f we. increase this frac¬ 
tional Is./ by adding half a rank, so as to get. the 
geometrically nearest whole number, we increase both 
the electntmoti vivXoi ee and the resistance of the group 


by } , and the total resistance by 
15 ' HO 


This addition 


will therefore give a. greater current than we want. 
To make the group give exactly the required current 

the total resistance must be further increased by \ 

J HO 

6 * 

of its original amount, so that the original electro¬ 
motive force and the original total resistance shall each 


be increased by *But of the original total re- 

1 1 . . . V 

sistamn /is of<the resistance of the original group, 
, . 15 

or g of the resistance of the altered group; and 
adding - to the resistance pi a group, means making 

t 16 

17 

its resistance of its present amount, which we can 
16 o 
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do by employing ^ of its jmwnt iramlxir of fib's, 

since the resistance of a regular group of a, given 
number of ranks varies inversely as tli(' number of its 
files. 

* To cheek the accuracy of this reasoning, let us cal¬ 
culate the current obitiined with the theoretically 

i r > > » 

smallest "roup - _ (17)-, and that obtained with the 
other "roup -S(lfi)-. With the theoretically smallest 

^ ir.lv 

.)■> 



and with the other group— 

81 <> 



Increasing the numerator and denominator of the 
former fraction by one-fifteenth*of their present, value 
we see that the fraction is equal to 

, 8 Er 

(16 -1- 17 ) Kr 

which (since * = ^ -4-17) is evidently equal,to jhe 
faction belonging to the other group 
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Let us now apply the same'line of jirgument to the 
general ease where K l is increased or reduced* hy X, 
X being the amount that must be added or subtracted 
m order to change the fraction;! IK' into its geometri¬ 
cally nearest whole number. The electromotive force 
and the resistance of the theoretically smallest group 
' X 

are thus each increased or reduced by of their 

' K / 

value; and in order that the altered gioup, though 
retaining its preccnt number of ranks, shall give the 
same cufront ;rs ^he original group, the resistance 

must be increased or rdluced by a further of the 

K t 

resistance of the original gioup, or by ^ of the 

K/ + A A 

resistance of the altered group. This means changing 
the resistance of the altered group to of its 

present value, which we can do by employing— 

K/ ± X 

k / ± x 

of its present number of files (Ft). The groilp thus 
obtained is evidently the theoretically smallest group 
that has a whole number of ranks (I am assuming 
that the reader has not' forgotten what has been 
proved in previous chapters). Calling this the 
etihtnjnl (for it contains a larger number of cel l ,s 



47 


JHE (JROlTPrNd OF Eb^TRK'^’ELLS 

though perhaps a smaller numher ot ranks), and 
taking il/i to represent the number of its cells, ami 
K// the numbei of its ranks, we li.tvc— 


Vn = K Jvt /*. K " v ) = 

\ K« + X ' 


VII 


\\v \ _ Ft . Kir 

K ii + X ' K n ± X 

• 

(The + must of course be read when the ranks have 
been increased, and the - when they have been 
reduced.) 

We can now deal with any ease that may occur in 
practice.* Suppose, for example, that we \jpmt to 
find the smallest number of l-v<>U J and 2-ohm cells 
*> f> 

that will send a current of not, less than ' ampere 
through an external resistance of 4 ohms 

r, 

X 1 


le = 


o 


i 


VI = 10 
3 3 


and the geometrically nearest, whole number to 


20 


is , so that X = K n = 7, a'id 


(’« 


10x411 ,,,:! 

22 — "II 

3 X 


The group we require must, therefore contain at. .least 
twenty-three cells. Let, us see whether twcnty-thiee 
wi^l he enough, < In cases like this it, is seldom 
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necessary I,ft apply rule I , W the/iumlierftf ranks 
if, tile enlarged group is almost always the gfometri 
cully nearest whole iiymlier to the lv of the nearest 
whole nnnilicr of cells to (.’« s>1n the present ease, 
then, we assume that the geometrically nearest whole 
imnihcr to Ki is 7, which gives —2(4)—, r >(.'i)— as the 
preliminary (and short primary) group. The current 
with this group is— 


7Er 


\!t; 

as 


Ke + -1 


■J1 = 5] 
2h GJ 


which is obviously a ftille more than the 


r> 

« 


ampere 


required. The smallest number of cells that will give 
the required current is therefore twenty-three._ 

The method just illustrated may be summed tip in 

the following rule :— 

1 , 
lilil.E h.—To find the smallest number of cells that 

will send a given current through a given 
external resistance, proceed as follows : — 

(1) Find the theoretically smallest group,_by 
rn'ea is of formula 1 V. and VI. 

(2) if the theoretically smallest group has not 
a whole number of ranks, find the number of 
cells in the enlarged 1 grqup, by means of formula 
VI1. 

(8) If the theoretically smallest group that bps 
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a whole number of ranks is not a possible group, 
r«j whether the required current can he obtained 
with the possible ••roup lining the same number 
of ranks and tl^ nearest whole number of cells 
above the. number in this theoretical group. If 
so, this is the smallest number of cells that will 
give the required current. 

(4) In the exceptional 
obtained by (3) does n 

current, see (from eonsideiat ioTis dealj^with in 
Chap 111.) whethei this eiirrrtit can be obtained 
from another arrangement of the same cells ; and 
if not, try one cell more, and so on until the 
necessary number is found 
• 

Exerciser—W hat is the smallest number of 
1-volt and 5-ohm cells that will send a curreij, of not 
less thaS 1 ’2 ampere through an external resistance 
of 3-ohms ? Answer, 8K. 

Exercise 24.—What' is thg smallest number of 

1- volt and O’5-ohm cells tjiat will send a current 

of not* less than 3 amperes through ai# External 
resistance of 5 olynS V Answer, 90. 9 ® 

Exercise 25. —What is the smallest number of 

2- volt and 0 * 6-ohm cejjs tfiat will send a current of 
not less than 3 amperes through an external resistance 
0 $ 2 ohms 1 Answer, 12. 
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Exercise 26.--What is tfic smallest number of 
2 J v r olfc and 0*7-ohm cells that will send a cufrent of 
not less than 1 ampert; through an external resistance 
of 1 ohm ? Answer, 1. ’ /*• 

Exercise 27. —What is the snnUest nuniher (/f 
Molt and O’b-ohm cells that will semi a current of 
not less than 1 amperes through an external resistance 
of 1 ”1 ohm ?, Answer, 39. 

Exercise 2K. What, is the smallest number of 
1‘2-volt and O'o-olim cells that will send a*current 
of not less that?* 2 amperes through an external 
resistance of 3 ohms ? cAnswer, 20. 



INJ)ICX 


I'Al.K 


A 


12 

flest group 


15 

C 


. H 

(!» 


47 

(V 


* 42 

Current, Culcflulioii of 

• • 

12, 16 

• 


✓ 

Diagrammatic representation of cells amt groups 

. 'j, n» 


• 


Ec . 


14 

Economical grouping 


37-40 

Electromotive force of group?. 


10, IJ 




Files 


42 

Fractional groups 

Ft 


1 If) 

42 

Geometrically nearer 


21, 31 

Iilthl grqpp 


I' 20 

— regular group 


• •!* 

Irregular groups • 


1,24-35 

K 


• H 

K i * 


* 14 

Ku . „ 


. ^7 

rf . . * 


. 42 



52 


'NDKV. 


Parallel grouping 

in 

Piehimnaiy gioup 

30 

Priniiiiy groups 

30 

II 

If 

Ranks 

11 

Rc . , 

14 

Regular groups , 

12, 15 -22 

Resistance ol groups 

10, 12, Iti 

. Total 

15 

Rules for^toupingi lor moatust current.— 


Accurate rule foi finding Rest tegular group 

21 

Accurate gencial iul<* 

31 

Approximate general rule 

. 30 

The old (inaccurate) rule 

.17 19 

Rules fot grouping with economy 

3^40, 48 

Rx 

14 

Secondafy gioups 

30 

Series grouping 

10 

Shortest gioup 

37-40 

Similar cells 

9 

Smallest group 

42-49 

Sjiecial groups 

, . * i 20 

t — 1r Peculiarities of 

20-30 

Symbols 

14, 42, 40, 47 

—, Mathematical gioup 

11 


LOUDON : PRINTTD Hr WILLIAM OLOWK8 AND SONS, LIMITED 
OR!"AT WINDMILL STRFKT, , AND pfclCK STRKKT, STAMFORD 8TRKH, S.F. 






INJ)ICX 


I'Al.K 


A 


12 

flest group 


15 

C 


. H 

(!» 


47 

(V 


* 42 

Current, Culcflulioii of 

• • 

12, 16 

• 


✓ 

Diagrammatic representation of cells amt groups 

. 'j, n» 


• 


Ec . 


14 

Economical grouping 


37-40 

Electromotive force of group?. 


10, IJ 




Files 


42 

Fractional groups 

Ft 


1 If) 

42 

Geometrically nearer 


21, 31 

Iilthl grqpp 


I' 20 

— regular group 


• •!* 

Irregular groups • 


1,24-35 

K 


• H 

K i * 


* 14 

Ku . „ 


. ^7 

rf . . * 


. 42 



52 


'NDKV. 


Parallel grouping 

in 

Piehimnaiy gioup 

30 

Priniiiiy groups 

30 

II 

If 

Ranks 

11 

Rc . , 

14 

Regular groups , 

12, 15 -22 

Resistance ol groups 

10, 12, Iti 

. Total 

15 

Rules for^toupingi lor moatust current.— 


Accurate rule foi finding Rest tegular group 

21 

Accurate gencial iul<* 

31 

Approximate general rule 

. 30 

The old (inaccurate) rule 

.17 19 

Rules fot grouping with economy 

3^40, 48 

Rx 

14 

Secondafy gioups 

30 

Series grouping 

10 

Shortest gioup 

37-40 

Similar cells 

9 

Smallest group 

42-49 

Sjiecial groups 

, . * i 20 

t — 1r Peculiarities of 

20-30 

Symbols 

14, 42, 40, 47 

—, Mathematical gioup 

11 


LOUDON : PRINTTD Hr WILLIAM OLOWK8 AND SONS, LIMITED 
OR!"AT WINDMILL STRFKT, , AND pfclCK STRKKT, STAMFORD 8TRKH, S.F. 






